We report the analysis of a binary blue straggler in NGC 6752 with a short orbital period of 0.315 d and a W UMA-type light curve. We use photometric data spanning 13 years to place limits on the mass ratio (0.15 q 0.35), luminosity ratio (L 1 /L 2 ≈ 4.0) and the ratio of the radii of the components (r 1 /r 2 ≈ 2.0). The effective temperatures of the components are nearly identical, and the system is detached or semi-detached (in the latter case the component filling its Roche lobe is the secondary). Such a configuration is unusual given the shortness of the orbital period, and it must have resulted from substantial mass exchange. We suggest that some secondaries of W UMa-type stars, normally regarded as main sequence objects which fill their Roche lobes to different degrees, in fact may be shell-burning cores of originally more massive components.
Introduction
Blue stragglers (BSs) occupy the extension of the main sequence above the turnoff point in color-magnitude diagrams of parent stellar populations. Since their detection in M3 (Sandage 1953) BSs have been identified in dozens of globular and open clusters. Two main mechanisms responsible for the formation of these objects have been advocated -mass transfer in close binaries (McCrea 1964) , and mergers resulting from direct collisions between stars in dense environments (Benz & Hills 1987) . Knigge et al. (2009) found that the number of BSs belonging to a given globular cluster (GC) scales nearly linearly with the core mass of that cluster but is nearly independent of the core radius. This implies that the main channel leading to the formation of BSs is binarity. Moreover, Perets & Fabrycky (2009) argue that the progenitors of BSs form in primordial triple stars through the Kozai mechanism (Kozai 1962) . This is in line with the observational evidence that most (possibly all) close binaries are formed in triple systems (Tokovinin et al. 2006) .
The sample of candidate BSs in GCs includes several variables with light curves typical of contact binaries. The discovery of two W UMa type systems in NGC 5466 (Mateo et al. 1990 ) was followed by the detection of further such systems in other clusters, mostly by the OGLE and CASE groups (see . Surprisingly, until now not a single mass determination or even a reliable light curve solution has been obtained for a GC contact binary. In fact, masses resulting from the analysis of light and radial velocity curves have been derived for just two binary BSs from GCs (Kaluzny et al. 2007a (Kaluzny et al. , 2007b . Some attempts have been made to estimate masses of apparently single BSs in GCs based on the modeling of spectra (e.g., De Marco et al. 2005) or pulsation periods of SX Phe variables (Gilliland 1998) . However, the actual accuracy of these determinations is hard to estimate.
The eclipsing binary V8-NGC 6752 (hereafter V8) was discovered by Thompson et al. (1999) during a photometric survey of the cluster field. The system has a W UMa-type light curve, and an orbital period of 0.31 d. Our new photometry (Kaluzny & Thompson 2009 ) revealed that the secondary eclipse of V8 is total. As it was first discussed by Mochnacki & Doughty (1972) , light curves of contact binaries showing total eclipses can be uniquely solved, yielding the mass ratio among other parameters. This is in contrast to contact systems with partial eclipses whose light curves usually cannot be reliably solved without spectroscopic information about the mass ratio.
* In short, the totality of the primary eclipse is sufficient to determine reliable apparent magnitudes of the individual components.
If V8 is indeed a contact binary belonging to the cluster then one can estimate its absolute parameters based solely on the photometric information, which together with the known distance to the cluster would yield the absolute magnitudes of its components. Then, based on effective temperatures estimated from colors, one can derive absolute radii of both stars. Knowing absolute radii and relative radii (the latter from the light curve solution) the absolute size of the orbit can then be derived, yielding the total mass of the system from Kepler's law. Given the paucity of reliable determinations of masses for BSs in GCs we decided to analyze the light curves of V8 hoping to estimate its parameters. To our surprise it turned out that the binary is most likely a detached system with a mass ratio q < 0.35. This is an unexpected result given the short orbital period of the system and the similar effective temperatures of its components.
Observational properties of V8

The data
Photometric data used in this study are based on CCD images obtained at Las Campanas Observatory with the 2.5-m du Pont and the 1.0-m Swope telescopes. The du Pont data collected in 1998 season were described by Kaluzny & Thompson (2009) . They have been supplemented with observations from 2007, 2008 and 2009 seasons. The Swope data collected in 1996 and 1997 seasons were described by Thompson et al. (1999) . They have been supplemented with observations from the 2007 observing season.
Differential photometry was extracted using image subtraction techniques described by Kaluzny & Thompson (2009) . We also re-reduced 1996 and 1997 Swope images analyzed earlier by Thompson et al. (1999) . Differential light curves extracted with this method are free from systematic errors due to crowding. However, this holds only for light curves expressed in differential counts. Conversion of a given light curve from differential counts to stellar magnitudes requires determination of the pedestal flux for a target star on the reference image. At this stage a failure to correct for close visual companion(s) to the target leads to systematic errors in the light curve expressed in magnitudes. V8 is present on some HST-WFPC2 images available from the MAST archive * Except for relatively rare systems with mass ratios close to unity. ). An examination of these images revealed two close visual companions to V8 at angular distances of about 1 arcsec but we found no evidence that the profile of V8 itself was affected by an unresolved blend. The two close companions posed no problem as they were resolved also in our ground based data.
Period Study
We measured 17 times of eclipses for V8 from the available data; their values, along with errors determined using the method of Kwee & Van Woerden (1956) are given in Table 1 (2) ( 1) determined from a least squares fit to the data. Formal errors of times of minima returned by Kwee & Van Woerden algorithm were increased by a factor of 3.0 to assure that the reduced χ 2 of the fit is equal to unity. The linear ephemeris provides a good fit and there is no evidence for any detectable period change during the interval 1996-2009 covered by the observations. As there is a large gap in the observations between 1997 and 2007, this result should be viewed with some caution. However, observations analyzed separately for the 1996-1998 and 2007-2009 time intervals give the same orbital period. Most W UMa-type stars show noticeable changes of orbital period with dP/dt ≈ 10 −5 , resulting in O-C deviations of the order of 0.01 d on a time base of a few years (Kreiner et al. 2000; Rucinski 1985) . Also, noticeable changes of orbital periods are usually found in short-period algols. In this context the constancy of the orbital period of V8 is exceptional.
Light curves
In Fig. 1 we show V and B −V curves of the du Pont photometry of V8 phased according to the ephemeris given in equation (1). We note that these observations span 11 years, and yet they were obtained with the same instrumental setup with the only inhomogeneity due to changes in reflectivity of the telescope optics. The combined light curve is stable with little evidence for any seasonal changes of its shape. The depths of both minima as well as the level of maximum light were the same during all four observing seasons (1998, 2007, 2008 and 2009) . Such stability of the light curve is very unusual for W UMa stars (Rucinski 1985) . In fact, seasonal instability of light curves is common for all short period close binaries whose components have convective envelopes. It is believed that magnetic activity, and stellar spots in particular, are responsible for the observed changes. The data suggest that V8 shows little magnetic activity and that its components have radiative envelopes. This conclusion is further supported by the exceptional symmetry of the light curve. Apparently during periods covered by our observations no large spots were present on the photospheres of the V8 components.
The totality phase of the secondary eclipse of this system lasts for about 0.07 P . Figure 2 presents in detail three well sampled secondary eclipses from the 1998 season. The primary eclipse is only marginally deeper than the secondary one, and the color of V8 changes almost inappreciably with orbital phase. Apparently the effective temperatures of the components are very similar .
Membership Status
NGC 6752 is located at a relatively high galactic latitude of b=−25.
• 6. Therefore the population of the central region of its field must be strongly dominated by member stars. V8 is seen at a projected distance d=2.0 arcmin from the cluster center. For comparison, the half mass radius of NGC 6752 is r h = 2.34 arcmin (Harris 1996) . Thus there is a good chance that the system belongs to the cluster. However, a definitive assessment of the membership status has to wait until its proper motion or systemic radial velocity is determined.
We are planning to use our data to perform a detailed proper motion study of the cluster. For the moment we can only provide qualitative evidence in favor of the membership of V8. As discussed by Eyer & Woźniak (2001) , the image subtraction technique can be used to detect high proper motion stars located in very dense stellar fields. Most stars at the center of the cluster field should show uniform displacements caused by the proper motion of NGC 6752 as a whole. In contrast, unrelated field objects (given the cluster's location -mostly foreground stars) should exhibit noticeable displacements with respect to the background population. This is illustrated in Fig. 3 which shows the reference V frame for the 1998 data together with a differential image obtained by subtracting the reference frame from an average of several individual exposures taken during the 2009 season. At the location of V8 only a symmetric residual is seen, resulting entirely from the variability of the star. Most stars leave no significant trace on the differential image. Characteristic bipolar residuals can be seen, however, for a few stars (likely field objects) displaced with respect to the cluster. We conclude that V8 is likely to share the proper motion of NGC 6752, which would mean that it belongs to the cluster.
Light curve solution
We analyzed the light curve of V8 using the Wilson-Devinney code (Wilson & Devinney 1971) as implemented in PHOEBE V29.d package (Prša & Zwitter 2005) . The following parameters were adjusted: orbital inclination i, effective temperature of the secondary T 2 , gravitational potentials Ω 1 and Ω 2 , and the relative luminosity L 1 /L 2 . The mass ratio q and the dimensionless potentials Ω 1,2 translate into the relative radii of the components r 1,2 . The temperature of the primary, T 1 , was determined from the dereddened color index (B − V ) 1 using the calibration of Worthey & Lee (2006) . We adopted an interstellar reddening of E(B − V ) = 0.04 and a cluster metallicity [Fe/H] = −1.56 (Harris 1996) . During the totality phase of the secondary eclipse we measured (B−V ) 1 = 0.332, leading to T 1 = 6990. This value places the primary between cool stars with convective envelopes and hotter stars with radiative envelopes. Since no photospheric activity is detected in our data, we assumed that the components of V8 have radiative envelopes (see Sec. 3.3). Accordingly, we adopted bolometric albedos A 1,2 = 1.0 and gravity darkening coefficients g 1,2 = 1.0.
For contact binaries with total eclipses the duration of totality together with the observed amplitude of light variation provides tight constraints on q and i. Using Figure 3 from Mochnacki & Doughty (1972) we find that for a contact configuration the mass ratio of V8 cannot be larger than 0.30. In principle, for the allowed range of q, we only needed to find a unique pair (i, q) which would reproduce both the length of totality and the amplitude of the light curve. However, it turned out that no such pair provides a satisfactory fit to the whole light curve as long as the contact configuration is enforced. All trial solutions with fixed q evolved to a detached configuration. At this point we decided to obtain a grid of solutions for several values of q. Only the V light curve was considered -it has a better quality and contains more points than the B curve. Including the B curve would have little impact on the results, as both components have a very similar surface brightness.
The grid of solutions is presented in Table 2 (the radii are geometrical averages of four values returned by the W-D code for the different axes of the components). Satisfactory fits to the light curve could be obtained for 0.15 q 0.30. Fits for q < 0.15 and for q > 0.30 show systematic residuals for some sections of the light curve (in particular, for q < 0.15 the synthetic light curves have amplitudes that are too small). Solutions for q > 0.16 imply a detached configuration. With decreasing q the secondary component fills larger and larger fraction of its Roche lobe, and finally at q=0.15 a semi-detached configuration is reached. The radius of the primary component is smaller than the radius of its Roche lobe by 11%, 15% and 19% for q = 0.30, q = 0.20 and q = 0.15, respectively. The quality of the fit with q = 0.20 is illustrated in Fig. 4 . For this value of q a simultaneous solution for BV curves was obtained in order to find the luminosity ratios in both filters.
One may wonder if a contact configuration could be fitted to the observations when convective envelopes are assumed for both components. Such envelopes imply bolometric albedos A 1,2 = 0.5 and gravity darkening coefficients g 1,2 = 0.32. A grid of solutions obtained for such a case is presented in Table 3 . The results are very similar to those obtained earlier for the radiative case. The only difference it that satisfactory fits with a semi-detached configuration can now be obtained for a slightly wider range of q.
Finally we attempted to fit the light curve allowing for the presence of a third light (l 3 ). As mentioned above, the HST image does not indicate any blending, Table 2 , but for components with convective envelopes. q rms nor there is any evidence for a light-time effect in the timing of the eclipses of V8. However, we cannot a priori exclude with certainty the possibility that the image of V8 is contaminated by an unresolved third star. After numerous trials we found that allowing for a third light in the system does not influence the results: independently of the assumed starting value of q the solutions quickly evolved toward l 3 = 0. The same applies also to trial solutions with contact configurations. We conclude that the V8 system is either detached or semi-detached (in the later case the component filling its Roche lobe is the secondary), and its mass ratio is low (0.15 < q < 0.35). Tables 2 & 3 indicate that the ratio of radii is r 1 /r 2 ≈ 2, and the ratio of V -band luminosities is L 1 /L 2 ≈ 4 (or 3.4 in the "convective" case).
Summary and Discussion
Our analysis indicates that, despite its short orbital period and W UMa-type light curve, the binary V8 is a detached or semidetached system. This is an unexpected finding, as non-contact systems are extremely rare among non-degenerate binaries with periods P ≤0.45 d (Hilditch et al. 1988) . To the best of our knowledge the only known systems of this kind are V361 Lyr (Hilditch et al. 1997; Kaluzny 1991 ; P = 0.30 d) and OGLE-BW3-V38 (Maceroni & Rucinski 1997; P = 0.20 d) . The first of these is a semi-detached system with the more massive component filling its Roche lobe, while the latter is probably a detached system composed of two M dwarfs. Another possible non-contact binary of this kind is W Crv (Rucinski & Lu 2000) , however its actual configuration is poorly constrained. We note that V8 cannot be considered as an example of a system caught in the brief contact-break predicted by "the thermal relaxation oscillations theory" (Lucy & Wilson 1979) . In such a system the primary of V8 would have to fill its Roche lobe, and the components should have very different effective temperatures (the secondary being cooler). This is certainly excluded.
The stability and symmetry of the light curve of V8 together with the apparent constancy of the orbital period favors a detached configuration. Despite the totality of one of the eclipses the photometric analysis does not allow an accurate determination of the mass ratio of the system. However, it strongly favors the range 0.15 q 0.35. The components differ significantly in size (r 1 /r 2 ≈ 2), yet they have very similar effective temperatures. Figure 5 shows the location of the whole system and each of its components separately on the color-magnitude diagram of NGC 6752. When calculating the individual magnitudes of the components we adopted a luminosity ratio of 3.97, the value implied by the solution with q = 0.20 for radiative envelopes. Note, however, that the derived value of L 1 /L 2 depends rather weakly on the assumed q (see Tables 2 and 3) .
It is worth noting that the primary of V8 is located right at the extension of the unevolved main sequence of the cluster. This gives one more argument for the cluster membership of the binary, and suggests that the primary has the properties of an undisturbed main-sequence star. In contrast, the secondary is located far to the blue of the cluster main-sequence for its luminosity. Also, the observed luminosity ratio L 2 /L 1 ≈ 1/4 is much too high compared to that expected for main-sequence stars with m 2 /m 1 < 0.35. For stars with 0.43 < m < 2.0 ⊙ we have L ∼ m 4 (Duric 2004) . If the primary of V8 is indeed an ordinary main-sequence star then its mass can be estimated roughly at 0.8 m ⊙ given a cluster age of about 13 Gyr. In such a case one obtains L 2 /L 1 = 16 for q = 0.5, a conservative lower limit for V8, as in fact q<0.35. Clearly it is the the secondary which is the stranger component of the blue straggler V8.
Such an unusual system may throw some light on problems related to the evolution and observed status of W UMa-type binaries. The blind acceptance of the contact model (Lucy 1968a (Lucy , 1968b for very short period binaries with components of identical effective temperature, yet very different masses, has been recently strongly contested by the results for AW UMa (Pribulla & Rucinski 2008) . This flagship case of the very low mass ratio binary (q ≤ 0.1) whose light curve so well obeys the contact model turned out not to be in contact upon a more careful spectroscopic scrutiny; instead, it appears to be a detached or semi-detached system engulfed in an optically thick stream with temperature not different from that of the stellar photosphere. The picture is indeed confusing, as the control case of V566 Oph (q = 0.26) turned out to agree -both photometrically and spectrally -with the contact model. Apparently, a range in conformance to the contact model exists.
There is no doubt that the present configuration of V8 results from a substantial mass exchange between the components (it is obvious that the secondary component is overluminous given the constraints on the present mass ratio). Most likely the secondary lost nearly all matter from its original envelope, and is burning hydrogen in a shell. Such a situation occurs in some low mass algols (Paczyński 1971; Eggleton & Kisleva-Eggleton 2002) . However, before considering any detailed evolutionary scenario one needs to determine absolute parameters of the system. This requires supplementing available photometric data with spectroscopic observations. Obtaining a radial velocity curve for V8 is a challenging task. The luminosity ratio of 1/4 is not a big obstacle, but the low apparent luminosity of the secondary (V ≈ 18.8) makes the observations difficult as the short orbital period of the system limits the exposure time to 15-20 minutes. Useful spectra can be obtained only on the largest available telescopes.
The spectroscopic masses are essential in relating our current results to the important finding of Gazeas & Niarchos (2006) 
